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ABSTRACT
We examine the relation between breaks in the surface brightness profiles and radial abundance gradients within the optical radius
in the discs of 134 spiral galaxies from the CALIFA survey. The distribution of the radial abundance (in logarithmic scale) in each
galaxy was fitted by simple and broken linear relations. The surface brightness profile was fitted assuming pure and broken exponents
for the disc. We find that the maximum absolute difference between the abundances in a disc given by broken and pure linear relations
is less than 0.05 dex in the majority of our galaxies and exceeds the scatter in abundances for 26 out of 134 galaxies considered. The
scatter in abundances around the broken linear relation is close (within a few percent) to that around the pure linear relation. The
breaks in the surface brightness profiles are more prominent. The scatter around the broken exponent in a number of galaxies is lower
by a factor of two or more than that around the pure exponent. The shapes of the abundance gradients and surface brightness profiles
within the optical radius in a galaxy may be different. A pure exponential surface brightness profile may be accompanied by a broken
abundance gradient and vise versa. There is no correlation between the break radii of the abundance gradients and surface brightness
profiles. Thus, a break in the surface brightness profile does not need to be accompanied by a break in the abundance gradient.
Key words. galaxies: abundances – ISM: abundances – H II regions, galaxies
1. Introduction
It was established many years ago (de Vaucouleurs 1959;
Freeman 1970; van der Kruit 1979) that the surface brightness
profiles of the discs of spiral galaxies can be fitted by an ex-
ponential. However, pure exponential functions can give only a
rough representation of the radial surface brightness profiles of
the discs of some galaxies. Pohlen & Trujillo (2006) found that
only around 10 to 15 per cent of all spiral galaxies have a nor-
mal/standard purely exponential disc, while the surface bright-
ness distribution of the rest of the galaxies is better described by
a broken exponential.
It is also well-known that discs of spiral galaxies show neg-
ative radial abundance gradients in the sense that the abundance
is higher at the centre and decreases with galactocentric distance
(Searle 1971; Smith 1975). It is common practice to express
the oxygen abundance in a galaxy using the logarithmic scale,
which permits one to describe the abundance distribution across
the disc of a galaxy with a linear relation between oxygen abun-
dance O/H and galactocentric distance Rg ; we used fractional
galactocentric distances Rg normalized to the optical isophotal
radius R25 in the current study.
The variation in the (logarithm of) abundance with ra-
dius has been examined for many galaxies by different
authors (Vila-Costas & Edmunds 1992; Zaritsky et al. 1994;
Ryder 1995; van Zee et al. 1998; Pilyugin et al. 2004, 2006,
2007, 2014a, 2015; Moustakas et al. 2010; Gusev et al. 2012;
Sa´nchez et al. 2014; Zinchenko et al. 2015; Ho et al. 2015;
Bresolin & Kennicutt 2015, among many others). Previous
studies found that the gradients are reasonably well fit-
ted by a straight line although in some spiral galax-
ies the slope appears to steepen (or flatten) in the cen-
tral regions (Vila-Costas & Edmunds 1992; Zaritsky 1992;
Martin & Roy 1995; Zahid & Bresolin 2011; Scarano et al.
2011; Sa´nchez et al. 2014; Zinchenko et al. 2016, among many
others). For example, the abundance gradient in the disc of the
MilkyWay traced by Cepheid abundances seems to flatten in the
central region (Martin et al. 2015; Andrievsky et al. 2016).
There is a correlation between the local oxygen abundance
and stellar surface brightness in the discs of spiral galaxies (e.g.
Webster & Smith 1983; Edmunds & Pagel 1984; Ryder 1995;
Moran et al. 2012; Rosales-Ortega et al. 2012; Pilyugin et al.
2014b). If this relation is indeed local, i.e. if there is a point-
to-point relation between the surface brightness and abundance,
then one can expect that the break in the surface brightness dis-
tribution should be accompanied by a break in the abundance
distribution.
The existence of breaks in gradients reported in earlier
works can be questioned for two reasons. Firstly, those gra-
dients are typically based on a small number of H II region
abundances. Secondly, it has been recognized that the shape of
the abundance distribution is very sensitive to the calibration
used for the abundance determinations (e.g. Zaritsky et al. 1994;
Kennicutt & Garnett 1996; Pilyugin 2001, 2003). Zaritsky et al.
(1994) pointed out that the question of the shape of the abun-
dance gradient remains open and can be solved only when mea-
surements of many H II region abundances per galaxy and a re-
liable method for abundance determinations become available.
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Recently, measurements of spectra of dozens of H II re-
gions in several galaxies were obtained (e.g. Berg et al. 2015;
Croxall et al. 2015, 2016). In the framework of surveys such
as the Calar Alto Legacy Integral Field Area (CALIFA) survey
(Sa´nchez et al. 2012; Husemann et al. 2013; Garcı´a-Benito et al.
2015) and the Mapping Nearby Galaxies at Apache Point
Observatory (MaNGA) survey (Bundy et al. 2015), 2D spec-
troscopy of a large number of galaxies is being carried out. This
2D spectroscopy provides the possibility to determine elemen-
tal abundances across these objects and to construct abundance
maps for the targeted galaxies. This permits one to investigate
the abundance distribution across the disc in detail. In particular,
the radial oxygen abundance distributions in the discs of galaxies
can be examined (Sa´nchez et al. 2014; Zinchenko et al. 2016).
A new calibration that provides estimates of the oxygen and
nitrogen abundances in star-forming regions with high preci-
sion over the whole metallicity scale was recently suggested
(Pilyugin & Grebel 2016). The mean difference between the
calibration-based and Te-based abundances is around 0.05 dex
both for oxygen and nitrogen. The 2D spectroscopic data men-
tioned above coupled with this new calibration for nebular abun-
dances can be used to explore the presence (or absence) of breaks
in the radial oxygen abundance distributions in galactic discs.
The goal of this investigation is to characterize the breaks in
the surface brightness and abundance distributions in a sample
of galaxies and to examine the relation between those breaks.
The paper is organized in the following way. The data are
described in Section 2. The breaks of the radial abundance gra-
dients are determined in Section 3. The breaks of the surface
brightness profiles and their relation to the breaks of the radial
abundance gradients are examined in Section 4. The discussion
is given in Section 5. Section 6 contains a brief summary.
2. Data
2.1. Spectral data
We measured the different emission-line fluxes across galac-
tic discs using the 2D spectroscopy of galaxies carried out
in the framework of the CALIFA survey (Sa´nchez et al. 2012;
Husemann et al. 2013; Garcı´a-Benito et al. 2015). We used pub-
licly available COMB data cubes from the CALIFA Data
Release 3 (DR3), which combine spectra obtained in high
(V1200) and low (V500) resolution modes. The spectrum
of each spaxel from the CALIFA datacubes was reduced
in the manner described in Zinchenko et al. (2016). In brief,
for each spectrum, the fluxes of the [O II]λ3727+λ3729,
Hβ, [O III]λ4959, [O III]λ5007, [N II]λ6548, Hα, [N II]λ6584,
[S II]λ6717, and [S II]λ6731 lines were measured. Themeasured
line fluxes were corrected for interstellar reddening using the
theoretical Hα to Hβ ratio (i.e. the standard value of Hα/Hβ =
2.86) and the analytical approximation of the Whitford interstel-
lar reddening law from Izotov et al. (1994). When the measured
value of Hα/Hβ was lower than 2.86 the reddening was adopted
to be zero.
Since the [O III]λ5007 and λ4959 lines originate from tran-
sitions from the same energy level, and their flux ratio is con-
stant, i.e. very close to 3 (Storey & Zeippen 2000), and since
the stronger line, [O III]λ5007, is usually measured with higher
precision than the weaker line, [O III]λ4959, we estimated the
value of R3 to be R3 = 1.33 [O III]λ5007/Hβ but not as a sum
of the line fluxes. Similarly, the [N II]λ6584 and λ6548 lines
also originate from transitions from the same energy level and
the transition probability ratio for those lines is again close to 3
(Storey & Zeippen 2000). Therefore, we also estimated the value
of N2 to be N2 = 1.33 [N II]λ6584/Hβ.
Thus, we used the lines Hβ, [O III]λ5007, Hα, [N II]λ6584,
[S II]λ6717, and [S II]λ6731 for the dereddening and abundance
determinations. The precision of the line flux is specified by
the ratio of the flux to the flux error ǫ. We selected spectra for
which the parameter ǫ ≥ 3 for each of those lines. Belfiore et al.
(2017) have also used the condition signal-to-noise ratio larger
than three, S/N> 3, for the lines required to estimate abundances
to select the spaxels for which they derive abundances.
We used a standard diagnostic diagram, [N II]λ6584/Hα
versus [O III]λ5007/Hβ line ratios, suggested by Baldwin et al.
(1981), which is known as the BPT classification diagram,
to separate H II region-like objects and AGN-like objects. We
adopted the demarcation line of Kauffmann et al. (2003) be-
tween H II regions and AGNs.
We obtained oxygen abundance maps for∼250 spiral galax-
ies from CALIFA where the emission lines can be measured in
a large number (typically more than a hundred) of spaxel spec-
tra. Interacting galaxies are not taken in consideration. Our study
is devoted to the examination of the presence of a break in the
radial abundance distribution in spiral galaxies. We carry out
a visual inspection of the O/H – Rg diagram for each galaxy
and select a subsample of galaxies where the regions with mea-
sured oxygen abundances are well distributed along the radius.
Unfortunately, we had to reject a number of galaxies whose
abundance maps include a large number of data points but
where those points cover only a limited fraction of galactocen-
tric distance. For example, the abundance maps of the galaxies
NGC 941, NGC 991, NGC 2602, and NGC 3395 contain more
than 2000 data points each but those points are located within
galactocentric distances of less than ∼ 0.7R25 and there are no
data points at distances larger than∼ 0.7R25. The list of galaxies
selected for the current study includes 134 spiral galaxies.
The adopted and derived characteristics of our sample of
galaxies are available in an online table.
Fig. 1 shows the properties of our selected sample of galax-
ies, i.e. the normalized histograms of morphological T types
(panel a), optical radii R25 in kpc (panel b), optical radii R25
in arcmin (panel c), distances to our galaxies in Mpc (panel
d), galaxy inclination angles (panel e), central (intersect) oxy-
gen abundances 12+log(O/H)0 (panel f ), radial abundance gra-
dients in dex R−1
25
(panel g), scatter in oxygen abundance
around the linear O/H – Rg relation (panel h), and number
of points in the abundance map (panel i). The morphologi-
cal classification and morphological T types were taken from
the HyperLeda1 database (Paturel et al. 2003; Makarov et al.
2014). The distances were taken from the NASA Extragalactic
Database (NED)2. The NED distances use flow corrections for
Virgo, the Great Attractor, and Shapley Supercluster infall.
Other parameters were derived in our current study (see below).
Inspection of Fig. 1 shows that the selected galaxies are located
at distances from ∼ 20 to ∼ 120 Mpc, belong to different mor-
phological types, and show a large variety of physical character-
istics. The optical radii of the galaxies cover the interval from
around 4 kpc (UGC 5976, UGC 10803, UGC 12056) to around
23 kpc (NGC 1324, NGC 6478, UGC 12810). The abundance
1 http://leda.univ-lyon1.fr/
2 The NASA/IPAC Extragalactic Database (NED) is operated by
the Jet Propulsion Laboratory, California Institute of Technology, un-
der contract with the National Aeronautics and Space Administration.
http://ned.ipac.caltech.edu/
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Fig. 1. Properties of our sample of galaxies. The panels show the normalized histograms of morphological T types (a), optical radii
R25 in kpc (b), optical radii R25 in arcmin (c), distances to the galaxies in Mpc (d), galaxy inclination angles (e), central (intersect)
oxygen abundances 12+log(O/H)0 (f ), radial oxygen abundance gradients in dexR
−1
25
(g), scatter in oxygen abundances around the
linear O/H – Rg relation (h), and number of points in the abundance map of a given galaxy (i).
maps typically contain hundreds and sometimes even a few thou-
sand data points.
2.2. Photometry: Galaxy orientation parameters and
isophotal radius
To estimate the deprojected galactocentric distances (normalized
to the optical isophotal radius R25) of the H II regions, we need
to know the galaxy inclinations, i, position angle of their major
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axes, PA, and isophotal radius of our galaxies,R25. Thereforewe
determined the values of i, PA, and R25 for our target galaxies
by analysing publicly available photometric images in the g and
r bands obtained by the Sloan Digital Sky Survey (SDSS; data
release 9 (DR9), York et al. 2000; Ahn et al. 2012). We derived
the surface brightness profile and disc orientation parameters in
these two photometric bands for each galaxy.
The determinations of the position angle and ellipticity
were performed for SDSS images in the r band via GALFIT
(Peng et al. 2010). We fitted surface brightness proflies using a
two-component model. The bulge was fitted by a Sersic profile
and the disc by an exponential profile. In cases where the contri-
bution of one of the components to the total surface brightness
profile was significantly smaller the surface brightness profile of
the dominant component was refitted with only the major com-
ponent profile. The values of the ellipticity and PA obtained for
the exponential profile were then adopted as galaxy ellipticity
and PA. For galaxies without exponential component the elliptic-
ity and PA of the Sersic profile were adopted instead as their el-
lipticity and PA. The galaxies NGC6090, NGC7549, UGC4425,
and UGC10796, which show a peculiar surface brightness dis-
tribution were considered as face-on galaxies.
The SDSS photometry in different bands is sufficiently deep
to extend our surface brightness profiles well beyond the op-
tical isophotal radii R25. The value of the isophotal radius
was determined from the constructed surface brightness pro-
files in the g and r bands. Our measurements were corrected
for Galactic foreground extinction using the recalibrated AV
values of (Schlafly & Finkbeiner 2011) taken from the NED.
Then the measurements in the SDSS filters g and r were con-
verted to B-band magnitudes using the conversion relations of
Blanton & Roweis (2007),
BAB = g + 0.2354 + 0.3915 [(g − r) − 0.6102], (1)
where the BAB , g, and r magnitudes in Eq. (1) are in the AB
photometric system. The AB magnitudes were reduced to the
Vega photometric system
BV ega = BAB + 0.09 (2)
using the relation of Blanton & Roweis (2007). The disc surface
brightness in theB band of the Vega photometric system reduced
to the face-on position is used in the determination the optical
isophotal radius R25.
3. Abundance gradients
3.1. Abundance determination
It is believed that the classic Te method (e.g. Dinerstein
1990) provides the most reliable gas-phase abundance estima-
tions in star-forming regions. However, abundance determina-
tions through the direct Te method require high-quality spec-
tra in order to measure temperature-sensitive auroral lines such
as [O III]λ4363 or/and [N II]λ5755. Unfortunately, these weak
auroral lines are not detected in the spaxel spectra of the
CALIFA survey. But the abundances can be estimated through
the strong line methods first suggested by Pagel et al. (1979)
and Alloin et al. (1979). We used the recent calibrations by
Pilyugin & Grebel (2016), which produce very reliable abun-
dances as compared to other published calibrations. Two vari-
ants (R and S) of the calibration relations were suggested, which
provide abundances in close agreement with each other and with
the Te method. The application of the R calibration requires the
0.00
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Fig. 2. Mean value of the residuals of the linear O/H – Rg rela-
tion as a function of the number of points in the abundance map
of our galaxies.
measurement of the oxygen emission lines [O II]λ3727+λ3729.
The sulphur emission lines [S II]λ6717+λ6731 are used instead
of the oxygen lines [O II]λ3727+λ3729 in the S calibration re-
lations. Since the sulphur emission lines [S II]λ6717+λ6731 are
more easily measured in the spaxel spectra and with lower un-
certainties than the oxygen emission lines [O II]λ3727+λ3729,
we used the S calibration relations for the abundance determina-
tions in the current study.
Simple calibration relations for abundances from a set of
strong emission lines were suggested (Pilyugin & Grebel 2016).
Using these relations, the oxygen abundances are determined us-
ing the N2 = 1.33[N II]λ6584/Hβ, R3 = 1.33[O III]λ5007/Hβ,
and S2 = ([S II]λ6717 + [S II]λ6731)/Hβ line ratios
(O/H)
∗
= 8.424 + 0.030 log(R3/S2) + 0.751 logN2
+ (−0.349 + 0.182 log(R3/S2) + 0.508 logN2)
× logS2
(3)
if logN2 > −0.6, and
(O/H)∗ = 8.072 + 0.789 log(R3/S2) + 0.726 logN2
+ (1.069− 0.170 log(R3/S2) + 0.022 logN2)
× logS2
(4)
if logN2 ≤ −0.6. The notation (O/H)
∗ = 12 +log(O/H) is used
for sake of brevity.
This calibration provides estimates of the oxygen abun-
dances with high precision over the whole metallicity scale.
The mean difference between the calibration-based and Te-
based oxygen abundances is around 0.05 dex (Pilyugin & Grebel
2016). Thus our metallicity scale is well compatible with the
metallicity scale defined by the Te-based oxygen abundances.
3.2. Fits to radial abundance distribution
Two different fits to the radial oxygen abundance distribution are
considered. First, we fit the radial oxygen abundance distribution
in each galaxy by the traditional, purely linear relation,
12 + log (O/H)PLR = 12 + log (O/H)0 + grad × Rg, (5)
where 12 + log(O/H)0 is the extrapolated central oxygen abun-
dance, grad is the slope of the oxygen abundance gradient ex-
pressed in terms of dex/R25, and Rg is the fractional radius (the
galactocentric distance normalized to the disc isophotal radius).
If there are points that show large deviations from the O/H –
Rg relation, dOH > 0.3 dex, then those points are not used in
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Fig. 3. Examples of the abundance distributions in the discs of spiral galaxies. The grey points depict the abundances in individual
regions (spaxels in the CALIFA survey). The dashed (black) line shows the pure linear fit to those data. The solid (red) line represents
the broken linear fit.
deriving the final relations and are excluded from further analy-
sis. It should be noted that points with such large deviations exist
only in some galaxies and those points are both few in number
and their deviations exceed 5 – 10σOH (see below). The mean
deviation from the final relations (the mean value of the residuals
of the relations) is given by the expression
σOH =

 1
n
n∑
j=1
(log(O/H)OBSj − log(O/H)
CAL
j )
2


1/2
,
(6)
where (O/H)CALj is the oxygen abundance computed through
Eq. (5) for the galactocentric distance of the j-th spaxel and
(O/H)OBSj is the measured oxygen abundance that is obtained
through the calibration from the set of emission lines in the spec-
trum of the j-th spaxel. The value of σOH is usually low, from
σOH ∼ 0.03 to σOH ∼ 0.06 dex (see Fig. 2), and does not
depend on the number of data points in the abundance map of
a galaxy. This suggests that the typical amplitude of the varia-
tion in the oxygen abundance at a given galactocentric distance
is rather small.
We also fit the radial oxygen abundance distribution in each
galaxy by a broken linear relation,
12 + log (O/H)BLR = a1 × Rg + b1, if Rg < Rb
= a2 × Rg + b2, if Rg ≥ Rb
, (7)
where Rb is the break radius, b1 is the extrapolated central oxy-
gen abundance, a1 is the slope of the oxygen abundance gradient
expressed in terms of dex/R25 for the points in the inner part of a
galaxy, b2 is the extrapolated central oxygen abundance, and a2
is the slope of the oxygen abundance gradient for the point in the
outer part of a galaxy. The values of Rb, b1, a1, b2, and a2 are
derived using the requirement that the mean deviations (Eq. 6)
from the relation given by Eq. 7 are minimized.
When determining the break in the radial abundance gradi-
ent at very small galactocentric distances (near the centre of a
galaxy) the following problem may occur. The gradient based
on a small range of galactocentric distances or/and on a small
number of points can be unreliable. Even a few points with re-
duced (enhanced) abundances near the centre can result in a
(false) break if the (false) break radiusRb is small and the num-
ber of points within Rb is small. The determination of the break
in the radial abundance gradient at very large galactocentric dis-
tances (near the optical radiusR25) can also encounter the same
problem. To avoid this problem we used the additional require-
ments that both the inner and outer gradients must be based on at
least 50 data points that cover a range of galactocentric distances
larger than 0.2R25. Those additional conditions may result in
an underestimation or overestimation of the slope of the inner
(outer) gradients in some galaxies as well as shift the position
of the small break radius (Rb < 0.2R25) to the Rb = 0.2R25
and the position of the large break radius (Rb > 0.8R25) to
Rb = 0.8R25.
Fig. 3 shows prototypical examples of abundance distribu-
tions in galactic discs. The grey points in each panel indicate
the abundances in individual regions (spaxels) estimated from
the CALIFA survey spectra. The dashed (black) line depicts a
purely linear fit to those data while the solid (red) line shows a
broken linear fit to the data.
3.3. On the validity of radial abundance distributions
As noted above, we included all spaxel spectra in the analysis
where the ratio of the flux to the flux error, S/N > 3, for each
of the lines used in the abundance determinations. If the number
of the spaxel spectra with measured emission lines in a given
galaxy is large enough then the influence of the adopted level of
the S/N of the line measurement on the parameters of the abun-
dance distribution can be investigated.
The left column panels of Fig. 4 show the properties of the
galaxy NGC 2730, where the gradient in the outer part of the
disc is flatter than that in the inner part. Panel a shows the ra-
dial abundance distributions traced by spaxels with high-quality
spectra, i.e. a S/N > 5 for each of the measured emission lines.
The points stand for individual spaxels. The solid (black) line
is the purely linear best fit to those data. Panel b shows the ra-
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Fig. 4. Left column panel shows the properties of the galaxy NGC 2730. Panel a shows the radial abundance distributions traced
by spaxels with high-quality spectra, i.e. with a S/N > 5 for each of the measured emission lines. The points depict individual
spaxels. The dark (black) solid line is the linear best fit to those data. Panel b shows the radial abundance distributions traced by
the spaxels with moderate-quality spectra, i.e. with a 5 > S/N > 3 for each of the measured emission lines. The points denote
individual spaxels, the dark grey (red) dashed line is the pure linear best fit to those data, and the dark (black) solid line is the
same as in panel a. Panel c shows the comparison between the broken linear fits to the data for the specta with S/N > 3 (dark grey
(red) solid line) and for the spectra with S/N > 5 (dark (black) dashed line). Panel d shows the classification [N II]λ6584/Hα vs.
[O III]λ5007/Hβ diagram. The dark grey (red) points indicate the spaxels with high-quality spectra. The dark (black) points stand
for the spaxels with moderate-quality spectra. The solid line separates objects with H II spectra from those containing an AGN
according to Kauffmann et al. (2003), while the dashed line is the same boundary according to Kewley et al. (2001). The grey (light
blue) filled circles show a large sample of emission-line SDSS galaxies (Thuan al. 2010). The right column panels show the same
but for the galaxy NGC 5320.
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Fig. 5. Scatter of the oxygen abundances σOH,PLR around the
purely linear relation O/H – Rg as a function of galaxy inclina-
tion (upper panel) and central oxygen abundance (lower panel).
dial abundance distributions traced by spaxels with moderate-
quality spectra, i.e. with a 5 > S/N > 3 for each of the mea-
sured emission lines. The points denote individual spaxels, the
dashed (red) line is the purely linear best fit to those data, and
the solid (black) line is the same as in the panel a. Panel c
shows the comparison between the broken linear fits to the data
for specta with S/N > 3 (solid (red) line) and for spectra with
S/N > 5 (dashed (black) line). There is a remarkable agree-
ment between those fits. Panel d shows the [N II]λ6584/Hα ver-
sus [O III]λ5007/Hβ classification diagram. The red points indi-
cate spaxels with high-quality spectra. The black points indicate
spaxels with moderate-quality spectra. The solid line separates
objects with H II region spectra from those containing an AGN
according to Kauffmann et al. (2003), while the dashed line is
the boundary line according to Kewley et al. (2001). The light
blue points show a large sample of emission-line SDSS galaxies
(Thuan al. 2010). The right column panels of Fig. 4 show the
same but for the galaxy NGC 5320, where the gradient in the
inner part of the disc is flatter than that in the outer part.
Inspection of panels a and b of Fig. 4 shows that both the
spaxels with high-quality spectra as well as the spaxels with
moderate-quality spectra are distributed across the whole extent
of the discs of both galaxies. Panels d in Fig. 4 show that the
spaxels with moderate-quality spectra occupy the same area in
the diagnostic [N II]λ6584/Hα versus [O III]λ5007/Hβ diagram
as the spaxels with high-quality spectra.
A comparison between the left column panels a and b of
Fig. 4 shows that the purely linear gradient in the disc of the
galaxy NGC 2730 traced by spaxels with high-quality spectra
(1883 data points) is in agreement with the purely linear gra-
dient traced by the spaxels with moderate-quality spectra (718
data points). However, the scatter of the abundances in spax-
els with high-quality spectra around the O/H – Rg relation,
σOH,PLR = 0.0283, is lower than that for the spaxels with
moderate-quality spectra, σOH,PLR = 0.0510. A similar be-
haviour is seen in the galaxy NGC 5320 (right column panels
a and b of Fig. 4). While the purely linear gradients traced by
the spaxels with high-quality spectra (2045 data points) and by
the spaxels with moderate-quality spectra (890 data points) are
in agreement, the scatter of the abundances in spaxels with high-
quality spectra around the O/H –Rg relation, σOH,PLR = 0.0297,
is lower than that for the spaxels with moderate-quality spectra,
σOH,PLR = 0.0410. The left and right column panels c show that
the broken linear O/H – Rg relation traced by the spaxels with
high-quality spectra agrees with relation traced by all the spax-
els (i.e. the spaxels with high-quality spectra and spaxels with
moderate-quality spectra taken together).
Thus, the use of spaxel spectra with a S/N > 3 for each of
the lines used in the abundance determinations is justified and
does not influence the derived characteristics of the abundance
distribution, i.e. the slope of the gradient and the break in the
abundance distribution, although it increases the scatter around
the O/H – Rg relation. This result is not surprising since the
condition S/N > 3 is the standard criterion and has been widely
used for a long time.
Our sample involves a number of galaxies with large incli-
nations, i > 70◦ (see panel e in Fig. 1). One can expect that
the deprojected galactocentric distances of the spaxels in galax-
ies with large inclinations may suffer from large uncertainties
that can result in an increase of the scatter around the O/H –
Rg relation. Fig. 5 shows the scatter of the oxygen abundances
σOH,PLR around the purely linear relation O/H – Rg as a func-
tion of galaxy inclination (upper panel) and central oxygen abun-
dance (lower panel). The upper panel of Fig. 5 shows that the
value of the scatter σOH,PLR is not correlated with the inclina-
tion. This suggests that a reliable O/H – Rg diagram can be ob-
tained even for galaxies with a large inclination, up to i ∼ 80◦.
Inspection of the lower panel of Fig. 5 shows that there is a
correlation between the value of the oxygen abundance scatter
σOH,PLR and the (central) oxygen abundance in the sense that
the scatter increases with decreasing oxygen abundance. This
could have the following cause. The flux in the nitrogen emis-
sion line [N II]λ6584, which plays a significant role in the abun-
dance determinations decreases with decreasing galaxy metal-
licity. This can result in an increase of the uncertainties in the
measurements of the [N II]λ6584 emission-line fluxes with de-
creasing galaxy metallicity and, as a consequence, may lead to
an increase of the oxygen abundance scatter with decreasing
abundance. It also cannot be excluded that the real scatter in the
abundances is large in the less evolved (lower abundance and
astration level) galaxies than in the more evolved (higher abun-
dance and astration level) galaxies. If this is the case then this
effect may contribute to the observed trend σOH,PLR – O/H.
3.4. Properties of radial abundance distributions
It is evident that any radial abundance distribution is fitted better
by the broken linear relation than by the purely linear relation.
The general difference between pure and broken linear relations
can be specified by the difference of the scatter of the abun-
dances around those relations and by the maximum difference
between the abundances given by those relations.
Fig. 6 shows the scatter of the oxygen abundances σOH,BLR
around the broken linear relation O/H – Rg versus the scatter
σOH,PLR around the purely linear relation. The circles show in-
dividual galaxies. The dashed line is that of equal values. Fig. 6
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Fig. 6. Scatter of oxygen abundances σOH,BLR around broken
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linear relation. The dashed line indicates unity.
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Fig. 7. Comparison between oxygen abundances (O/H)PLR
given by the purely linear relation (O/H) – Rg and abundances
(O/H)BLR given by the broken linear relation at the galaxy cen-
tres (circles), at the break radii (plus signs), and at the optical
radii R25 (triangles) of the galaxies. The solid line indicates
equal values. The two dashed lines show the ±0.05 dex devi-
ations from unity.
illustrates that the scatter of the oxygen abundances σOH,BLR is
very close to the scatter σOH,PLR. The difference between those
values is negligibly small in the majority of our galaxies.
The difference between the broken and purely linear (O/H)
– Rg relations can be specified in the following way. The dif-
ference between the abundance (O/H)BLR corresponding to the
broken (O/H) – Rg relation and the abundance (O/H)PLR corre-
sponding to the purely linear (O/H) – Rg relation is defined as
∆(O/H)BLR,PLR(Rg) = log(O/H)BLR(Rg) - log(O/H)PLR(Rg)
and changes in radial direction. The maximum difference oc-
curs either at the centre of a galaxy, break radius Rb, or optical
isophotal radius R25.
Fig. 7 shows the oxygen abundance (O/H)BLR as a function
of the abundance (O/H)PLR at the centres (circles), break radii
(plus signs), and optical radii (triangles) of our galaxies. Since
there may be a jump in oxygen abundance at the break radius we
are presenting two values of the (O/H)BLR at the break radius
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Fig. 8. Normalized histogram of the ratios of the difference be-
tween broken and linear relation O/H – Rg to the abundance
scatter around the broken relation ∆(O/H)BLR,PLR/σOH,BLR
for our sample of galaxies.
estimated from the gradients of the inner and outer parts of the
disc. The solid line is that of equal values; the dashed lines show
the ±0.05 dex deviations from unity. Inspection of Fig. 7 shows
that the maximumdifference between the abundances (O/H)BLR
and (O/H)PLR is within 0.05 dex for the majority of the galaxies
of our sample.
We specify the difference between the broken and purely
linear (O/H) – Rg relations by the maximum absolute value
of the difference. This value is referred to as ∆(O/H)BLR,PLR
below. Fig. 8 shows the normalized histogram of the ratios
of the difference between the broken and linear the relation
O/H – Rg to the abundance scatter around the broken relation
∆(O/H)BLR,PLR/σOH,BLR for our galaxy sample. Inspection
of Fig. 8 shows that the difference between the broken and lin-
ear relations exceeds the abundance scatter around the broken
relation for 26 galaxies out of 134 objects.
3.5. Breaks in the radial distributions of abundances
obtained through various calibrations
The 1D O3N2 and N2 calibrations suggested by Pettini & Pagel
(2004) are widely used for abundance estimations. We aim
to find out whether the radial distributions of abundances
obtained with those calibrations show breaks in the slopes
of their gradients. We found above that the radial distribu-
tions of oxygen abundances estimated through the calibration
of Pilyugin & Grebel (2016) show a prominent break in the
abundance gradients in the discs of 26 galaxies. The oxy-
gen abundances in those galaxies were determined using the
recent version of the Pettini & Pagel calibrations suggested
by Marino et al. (2013). The (O/H)M13,O3N2 and (O/H)M13,N2
abundances were determined using the calibration relations
12 + log(O/H)M13,O3N2 = 8.533− 0.214×O3N2, (8)
where
O3N2 = log
(
[O III]λ5007
Hβ
/
[N II]λ6584
Hα
)
(9)
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Fig. 9. Breaks in the radial distributions of oxygen abundances in discs of three galaxies determined via three different calibrations
are depicted. The left column panels show the galaxy NGC 0477, where the break radii in the (O/H)PG16 and the (O/H)M13,N2
distributions are close to each other and differ from the break radius obtained from the (O/H)M13,O3N2 distribution. The grey points
in panels a, b, and c are the data for individual spaxels. The line is the broken linear fit O/H – Rg to those data points. Panel d
shows the N2 abundance index as a function of the O3N2 index for individual spaxels (grey points) and mean values for bin sizes of
0.2 in O3N2 (dark points). The middle column panels show the galaxy NGC 5320, where the break radii in the (O/H)PG16 and the
(O/H)M13,O3N2 distributions are close to each other and differ from that in the (O/H)M13,N2 distribution. The right column panels
show the galaxy NGC 5633, where the break radii for the three abundance determination methods are different.
and
12 + log(O/H)M13,N2 = 8.743 + 0.462×N2, (10)
where
N2 = log
(
[N II]λ6584
Hα
)
. (11)
The obtained radial abundance distribution in each galaxy is fit-
ted by a broken linear relation. The break radii in the O/H – Rg
relations for oxygen abundances determined through the three
different calibrations are reported in Table 1; the abundances de-
termined through the S calibration of Pilyugin & Grebel (2016)
are referred to as (O/H)PG16 abundances in this section.
Table 1 shows that the break radii in the (O/H)PG16 –Rg and
(O/H)M13,O3N2 – Rg distributions agree within 0.1R25 for 11
galaxies, the break radii in the (O/H)PG16 –Rg and (O/H)M13,N2
– Rg distributions agree for 18 galaxies, and the break radii in
(O/H)M13,O3N2 – Rg and (O/H)M13,N2 – Rg distributions agree
for 10 galaxies. Panels a, b, and c in Fig. 9 show the breaks in
the radial distributions of oxygen abundances in discs of three
galaxies determined through three different calibrations. The left
column panels show the galaxy NGC 0477 where the break
radii in the (O/H)PG16 and (O/H)M13,N2 distributions are close
to each other, but differ from that in the (O/H)M13,O3N2 distri-
bution. The middle column panels show the galaxy NGC 5320
where the break radii in the (O/H)PG16 and (O/H)M13,O3N2 dis-
tributions are close to each other, but differ from that in the
(O/H)M13,N2 distribution. The right column panels show the
galaxy NGC 5633 where the break radii in the three distributions
are different.
Panels d in Fig. 9 show the N2 abundance index as a func-
tion of the O3N2 index for individual spaxels (grey points) and
mean values with a bin size of 0.2 in O3N2 (dark points) for
the three galaxies. The N2 – O3N2 diagrams for the individ-
ual galaxies (panels d in Fig. 9) suggest that the disagreement
between the break radii in the O/H – Rg relations for oxygen
abundances originates in the use of the three different calibra-
tions. Indeed, the relation between O3N2 and the N2 abundance
indicators is not strictly linear. Instead there is an appreciable de-
viation from the linear relation. Hence, the 1D linear expressions
O/H = f (O3N2) and O/H = f (N2) cannot both be correct simul-
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Table 1. Break radii in Rg – (O/H)X relations for oxygen abun-
dances (O/H)X determined through different calibrations: the
(O/H)PG16 abundances were determined using the S calibration
of Pilyugin & Grebel (2016), whereas the (O/H)M13,O3N2 and
(O/H)M13,N2 abundances were obtained through the O3N2 and
N2 calibrations of Marino et al. (2013), respectively. The break
radii are fractional radii, i.e. they are normalized to the optical
radii.
break radius in Rg – (O/H)X relation
Galaxy (O/H)PG16 (O/H)M13,O3N2 (O/H)M13,N2
NGC 0477 0.71 0.35 0.69
NGC 0768 0.55 0.55 0.39
NGC 3811 0.46 0.47 0.34
NGC 4644 0.80 0.48 0.80
NGC 4961 0.67 0.57 0.61
NGC 5320 0.40 0.41 0.50
NGC 5630 0.53 0.53 0.54
NGC 5633 0.47 0.27 0.55
NGC 5980 0.77 0.49 0.80
NGC 6063 0.75 0.40 0.77
NGC 6186 0.40 0.58 0.37
NGC 6478 0.76 0.47 0.70
NGC 7364 0.42 0.20 0.24
NGC 7489 0.33 0.31 0.28
NGC 7631 0.67 0.55 0.45
IC 0480 0.76 0.32 0.76
IC 1151 0.76 0.28 0.79
IC 2098 0.78 0.50 0.50
UGC 00005 0.44 0.29 0.64
UGC 00841 0.34 0.32 0.60
UGC 01938 0.42 0.48 0.42
UGC 02319 0.79 0.80 0.79
UGC 04029 0.73 0.60 0.79
UGC 04132 0.79 0.38 0.53
UGC 09665 0.74 0.70 0.80
UGC 12857 0.80 0.80 0.80
taneously and cannot provide consistent (correct) values of the
oxygen abundances over whole interval of the abundance index
O3N2 (or the abundance index N2). This may result in a false ap-
parent break in the distribution of abundances produced by one
(or both) of the 1D calibrations of the Pettini & Pagel type and,
consequently, may lead to the disagreement in the break radii in
the distributions of the abundances produced by the O3N2 and
N2 calibrations.
A sample of objects with Te-based abundances has been
compiled in Pilyugin & Grebel (2016). The analysis of this sam-
ple can tell us something about the validity of the distributions
of the abundances determined through the different calibrations
and can clarify the origin of the disagreement between the break
radii in those distributions. Only objects for which the N2 cali-
bration is applicable (N2 > −1.6) are included in the analysis.
Panels a in Fig. 10 shows the N2 abundance index as a func-
tion of the O3N2 index for a sample of objects with Te-based
oxygen abundances. A comparison of panels a in Fig. 10 with
panels d in Fig. 9 shows that the O3N2 – N2 diagram for ob-
jects from Pilyugin & Grebel (2016) also shows an appreciable
deviation from the linear relation similar to the O3N2 – N2 di-
agrams for individual spaxels in each galaxy. Panel b shows the
(O/H)Te abundances (grey points) and the (O/H)M13,O3N2 abun-
dances (red points) for individual objects, and the mean (O/H)Te
abundances (plus signs) in bins with a width of 0.3 in O3N2 as
a function of O3N2. Panel c shows the abundances in (O/H)Te
(grey points) and (O/H)M13,N2 (red points) for individual ob-
jects, and the mean (O/H)Te abundances (plus signs) in bins with
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Fig. 10. Panel a shows the N2 abundance index as a func-
tion of the O3N2 abundance index for objects with Te-
based abundances (compilation fromPilyugin & Grebel (2016)).
Panel b shows the (O/H)Te abundances (grey points) and the
(O/H)M13,O3N2 abundances (red points) for individual objects,
and the mean (O/H)Te abundances (plus signs) in bins with a
width of 0.3 in O3N2 as a function of O3N2. Panel c shows the
(O/H)Te abundances (grey points) and the (O/H)M13,N2 abun-
dances (red points) for individual objects, and the mean (O/H)Te
abundances (plus signs) in bins with a width of 0.2 in N2 as a
function of N2. Panel d shows the (O/H)Te abundances (grey
points) and the (O/H)PG16 abundances (red points) for indi-
vidual objects, the mean (O/H)Te abundances (plus signs) and
(O/H)PG16 abundances (crosses) with a bin width of 0.3 in O3N2
as a function of O3N2.
10
Pilyugin et al.: Breaks in disc galaxy abundance gradients
a width of 0.2 in N2 as a function of N2. Panel d shows the abun-
dances in (O/H)Te (grey points) and (O/H)PG16 (red points) for
individual objects, the mean (O/H)Te abundances (plus signs),
and (O/H)PG16 abundances (crosses) for a bin width of 0.3 in
O3N2 as a function of O3N2.
The comparison between panels b and c of Fig. 10 shows that
the N2 calibration can be applied to a larger number of objects
than the O3N2 calibration. Indeed, all the selected objects sat-
isfy the criterion of the applicability of the N2 calibration, N2
> −1.6 (panel c in Fig. 10). However, some of those objects do
not satisfy the criterion of the applicability of the O3N2 calibra-
tion, O3N2 < 1.7 (panel b in Fig. 10).
Panel b of Fig. 10 shows that there is an appreciable dif-
ference between the (O/H)M13,O3N2 and (O/H)Te abundances
and the difference changes with the O3N2 index in a nonlin-
ear manner. Therefore the (O/H)M13,O3N2 – Rg and the (O/H)Te
– Rg diagrams for the same galaxy can show different slopes of
the gradients and breaks at different radii. Inspection of panel
c of Fig. 10 shows that there is also a considerable difference
between the (O/H)M13,N2 and (O/H)Te abundances. However,
the difference changes with the N2 index in a linear manner.
Therefore the (O/H)M13,N2 – Rg and (O/H)Te – Rg diagrams
for the same galaxy can show different slopes of the gradi-
ents but they should show breaks (if they exist) at similar radii.
Examination of panel d of Fig. 10 shows that the (O/H)PG16 and
(O/H)Te abundances are in agreement over the whole interval of
the O3N2 index. Therefore the (O/H)PG16 – Rg and (O/H)Te –
Rg diagrams for the same galaxy can show similar slopes of the
gradients and exhibit breaks at the same (or at least quite similar)
radii, i.e. the (O/H)PG16 – Rg diagram allows us to determine a
reliable slope of the gradients and a reliable value of the break
radius.
Thus, the break radius derived from the (O/H)M13,N2 – Rg
diagram is more reliable than the break radius obtained from the
(O/H)M13,O3N2 – Rg diagram. This explains why the agreement
between the values of the break radii in the (O/H)M13,N2 – Rg
and (O/H)PG16 – Rg diagrams is better that the agreement be-
tween the values of the break radius in the (O/H)M13,O3N2 – Rg
and (O/H)PG16 – Rg , or in the (O/H)M13,O3N2 – Rg and the
(O/H)M13,N2 – Rg , diagrams (see Table 1). Marino et al. (2016)
also note that the N2 calibration provides a better match to the
abundances obtained through the Te method.
4. Surface brightness profiles
4.1. Bulge-disc decomposition
Surface brightness measurements in solar units were used for
the bulge-disc decomposition. The magnitude of the Sun in the
B band of the Vega photometric system, B⊙ = 5.45, was taken
from Blanton & Roweis (2007).
The stellar surface brightness distribution within a galaxy
was fitted by an exponential profile for the disc and by a general
Se´rsic profile for the bulge. The total surface brightness distribu-
tion was fitted with the expression
ΣL(r) = (ΣL)e exp{−bn[(r/re)
1/n − 1]}
+ (ΣL)0 exp(−r/h),
(12)
where (ΣL)e is the surface brightness at the effective radius re,
i.e. the radius that encloses 50% of the bulge light, (ΣL)0 is the
central disc surface brightness, and h the radial scale length. The
factor bn is a function of the shape parameter n. This factor can
be estimated as bn ≈ 1.9992n−0.3271 for 1 < n < 10 (Graham
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Fig. 11. Examples of the observed surface brightness profiles
and fits. In each panel, the grey points show the observed sur-
face brightness profile. The dashed (red) line indicates the pure
exponential fit to those data. The solid (black) line indicates
the broken exponential fit. The upper panel shows the galaxy
NGC 1324 with an observed surface brightness profile close to
a purely exponential disc. The middle panels shows the galaxy
NGC 2347, which exhibits humps and troughs in the observed
surface brightness profile. The lower panel shows the galaxy
NGC 2730 with a surface brightness profile with a clear break.
2001). The fit via Eq. (12) is referred to below as a purely ex-
ponential disc (PED) approximation. It is known that the sur-
face brightnesses in some galaxies are flat or even increase out
to a region of slope change where they tend to fall off. Such
surface brightness profiles can be formally fitted by an expo-
nential disc with a bulge-like component of negative brightness
(Pilyugin et al. 2015).
The parameters (ΣL)e, re, n, (ΣL)0, and h are obtained
through the best fit to the observed radial surface brightness pro-
file, i.e. we derive a set of parameters in Eq. (12) that minimizes
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the deviation σPED of
σ =
√√√√[
n∑
j=1
(L(rj)cal/L(rj)obs − 1)2]/n. (13)
Here L(rj)
cal is the surface brightness at the radius rj computed
through Eq. (12) andL(rj)
obs is the measured surface brightness
at that radius.
The stellar surface brightness distribution within a galaxy
was also fitted with the broken exponential
ΣL(r) = (ΣL)e exp{−bn[(r/re)
1/n − 1]}
+ (ΣL)0,inner exp(−r/hinner) if r < R
∗,
= (ΣL)e exp{−bn[(r/re)
1/n − 1]}
+ (ΣL)0,outer exp(−r/houter) if r > R
∗.
(14)
HereR∗ is the break radius, i.e. the radius at which the exponent
changes. The fit via Eq. (14) is referred to below as the broken
exponential disc (BED) approximation. Again, eight parameters
(ΣL)e, re, n, (ΣL)0,inner , hinner , (ΣL)0,outer , houter, and R
∗
in the broken exponential disc were determined through the best
fit to the observed surface brightness profile, i.e. we again require
that the deviation σBED given by Eq. (13) is minimized.
4.2. Breaks in the surface brightness profiles
Fig. 11 shows examples of the surface brightness profiles of our
sample of galaxies. The grey points are the observed surface
brightness profiles. The dashed (red) line is the purely exponen-
tial fit to those data, the solid (black) line is the broken exponen-
tial fit. The upper panel of Fig. 12 shows the scatter of the sur-
face brightnesses σSB,BED around the broken exponential disc
profile as a function of scatter σSB,PED around the pure expo-
nential disc profile. The circles stand for individual galaxies. The
dashed line indicates equal values.
The upper panel of Fig. 11 shows the measured surface
brightness profile of the galaxy NGC 1324, which is an ex-
ample of a galaxy with a surface brightness profile close to a
pure exponential disc. The pure and broken exponential disc
fits are close to each other. The scatter in the surface bright-
nesses around the pure and broken exponential disc profiles are
rather small for those galaxies. These galaxies are located near
the line of equal values in the σSB,BED – σSB,PED diagram,
Fig. 12, at low values of σSB,BED and σSB,PED. The scatter
ratio σSB,BED/σSB,PED for those galaxies is close to 1.
The middle panel of Fig. 11 shows the measured surface
brightness profile of the galaxy NGC 2347, which is an ex-
ample of a galaxy with humps and troughs in the observed
surface brightness profile. This may be a result of spiral arms
or other structures. The scatter in the surface brightnesses
both around the pure and broken exponential disc profiles is
large for those galaxies but the deviation of the scatter ratio
σSB,BED/σSB,PED from 1 is not very large. These galaxies are
located near the line of equal values in the σSB,BED – σSB,PED
diagram, Fig. 12, at large values of σSB,BED and σSB,PED.
The lower panel of Fig. 11 shows the measured surface
brightness profile of the galaxy NGC 2730, which is an example
of a galaxy where the surface brightness profile shows a promi-
nent break. The purely exponential disc is in significant disagree-
ment with the observed surface brightness profile; the value of
the scatter σSB,PED is high. In contrast, the broken exponen-
tial disc adequately reproduces the observed surface brightness
profile, and the value of the scatter σSB,BED is low. The scatter
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Fig. 12. In the upper panel the scatter of the surface bright-
ness σSB,BED around the broken exponential fit vs. the scatter
σSB,PED around the pure exponential fit is plotted. The dashed
line indicates equal values. The lower panel shows the normal-
ized histogram of the scatter ratios σSB,BED/σSB,PED for our
sample of galaxies.
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ratio σSB,BED/σSB,PED for those galaxies is significantly less
than 1. These galaxies are located much below the line of equal
values on the σSB,BED – σSB,PED diagram, Fig. 12, both at
low and high values of σSB,PED.
Thus, the scatter ratio σSB,BED/σSB,PED for a galaxy can
be considered as an indicator of the presence of a break in its sur-
face brightness profile. The lower panel of Fig. 12 shows the nor-
malized histogram of the scatter ratios σSB,BED/σSB,PED for
our sample of galaxies. One can see that the σSB,BED/σSB,PED
ratio in a number of galaxies is significantly lower than 1.
The σSB,BED/σSB,PED ratio can serve as an indicator of the
strength of the break in the surface brightness profile. Galaxies
with σSB,BED/σSB,PED less than 0.6 in their surface bright-
ness profiles are referred to as galaxies with a prominent break
in their surface brightness profiles. Certainly, the choice of the
value of 0.6 is somewhat arbitrary.
It should be emphasized that the surface brightness distribu-
tions within the optical radii of galaxies are only considered and
fitted in our current study. Recently, Me´ndez-Abreu et al. (2017)
presented a 2D multi-component photometric decomposition of
404 CALIFA galaxies in the g, r, and i SDSS bands. These
authors considered the surface brightness distributions well be-
yond the optical radii of these galaxies. Fig. 13 shows the ob-
served surface brightness profile of the galaxy NGC 0768 in g
SDSS band using point symbols. The optical radiusR25 and the
breaks in the surface brightness distribution obtained here and
by Me´ndez-Abreu et al. (2017) are shown with arrows. Fig. 13
illustrates that breaks at different radii can be found if the surface
brightness profile is considered and fitted to the different limits
of the galactocentric distances.
4.3. Relation of breaks in surface brightness profiles and
abundance gradients
The break in both the surface brightness profile and abundance
distribution in the disc of a galaxy is specified by three carac-
teristics: the strength (significance) of the break; the type of the
break, i.e. the character of the change in the slope of the dis-
tribution when passing the break; and by the break radius. If
the breaks in the surface brightness profile and abundance gradi-
ent in the disc of a galaxy are related then one may expect that
the shapes of the surface brightness profiles and abundance gra-
dients in the galactic discs should be similar in the sense that
galaxies with a prominent break in the surface brightness profile
should also display a prominent break in the radial abundance
gradient of the same type, and the position of the break in the
surface brightness profile should coincide with the position of
the break in the radial abundance gradient.
Panel a in Fig. 14 shows the difference between the bro-
ken and linear relation ∆(O/H)BLR,PLR/σOH,BLR , which
is an indicator of the strength of break in the radial abun-
dance distribution, as a function of the σSB,BED/σSB,PED
ratio, which is an indicator of the break strength in the sur-
face brightness profile). There is no correlation between the
strength of the break in the radial abundance distribution and the
strength of the break in the surface brightness profile. A promi-
nent break in the surface brightness profile (low value of the
σSB,BED/σSB,PED ratio) can be accompanied by a break of
different strengths in the radial abundance distribution, and the
weak break in the radial abundance distribution (low value of
the∆(O/H)BLR,PLR/σOH,BLR) can take place in galaxies with
both strong and weak breaks in the surface brightness profiles.
Panel b in Fig. 14 shows the difference between abundance
gradients on different sides of the break in the abundance distri-
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Fig. 14. Panel a shows the difference between the broken
and linear relation∆(O/H)BLR,PLR/σOH,BLR (indicator of the
strength of break in the O/H distribution) as a function of
σSB,BED/σSB,PED (indicator of the strength of the break of
the surface brightness profile). Panel b shows of the differ-
ence between abundance gradients on different sides of the
break in the abundance distribution as a function of the ra-
tio of the disc scale lengths on different sides of the break in
the surface brightness profile. Panel c shows the break radius
of the radial oxygen abundance gradient Rb,OH vs. the break
radius of the surface brightness profile Rb,SB . Galaxies with
a ∆(O/H)BLR,PLR/σOH,BLR ratio larger than 1 (with a clear
break in the radial abundance gradient) are plotted with circles.
Galaxies with a σSB,BED/σSB,PED ratio less than 0.6 (with a
prominent break in the surface brightness profile) are indicated
by plus signs. The break radii are normalized to the isophotal
radii R25 of the galaxies. 13
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Fig. 15. Comparison between the shapes of surface brightness profile and abundance gradient in galactic discs. The grey points
show the observed surface brightnesses (abundances). The dashed (red) line is the purely exponential (linear) fit to those data,
the solid (black) line is the broken exponential (linear) fit. NGC 3815 and UGC 3969 are examples of galaxies where the surface
brightness profile is well fitted by a purely exponential disc and the abundance gradient is well described by a purely linear relation.
UGC 841 and UGC 7145 are examples of galaxies where the surface brightness profile is well fitted by a purely exponential disc but
the abundance gradient shows a prominent break. NGC 6155 and PGC 64373 are examples of galaxies where the surface brightness
profile shows an appreciable break while the abundance gradient is well described by a purely linear relation. IC 1151, UGC 5,
and NGC 2730 are examples of galaxies where both the surface brightness profile and the abundance gradient display a prominent
break.
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bution as a function of the ratio of the disc scale lengths on dif-
ferent sides of the break in surface brightness profile. The value
of the gradouter – gradinner specifies the type of the break in
the radial abundance profile. The positive value of the difference
gradouter – gradinner shows that the gradient becomes flatter
in going through the break point (up-bending radial abundance
profile or looking-down break). The negative value of the dif-
ference gradouter – gradinner shows that the gradient becomes
steeper in going through the break point (down-bending radial
abundance profile or looking-up break). The ratio houter /hinner
specifies the type of the break in the surface brightness profile. A
ratio houter/hinner lower than 1 means that the surface bright-
ness profile steepens in going through the break point (down-
bending surface brightness profile or looking-up break). A ratio
houter/hinner higher than 1 means that the surface brightness
profile flattens in going through the break point (up-bending sur-
face brightness profile, or looking-down break). Inspection of
panel b in Fig. 14 shows that there is no correlation between
the type of break in the radial abundance distribution and the
type of break in the surface brightness profile. Indeed the down-
bending surface brightness profile can be accompanied by a
down-bending or by an up-bending radial abundance profile, and
a down-bending radial abundance profile can be accompanied by
both down-bending and up-bending surface brightness profiles.
Panel c in Fig. 14 shows the break radius of the ra-
dial oxygen abundance gradient Rb,OH versus the break ra-
dius of the surface brightness profiles Rb,SB . Galaxies with
a ∆(O/H)BLR,PLR/σOH,BLR ratio larger than 1 (with a clear
break in the radial abundance gradient) are shown by circles.
Galaxies with a σSB,BED/σSB,PED ratio less than 0.6 (with a
prominent break in the surface brightness profile) are indicated
by plus signs. The break radii are normalized to the isophotal
radii R25 of the galaxies. Inspection of panel c in Fig. 14 shows
that there is no correlation between the break radius of the radial
oxygen abundance gradient Rb,OH and the break radius of the
surface brightness profilesRb,SB .
Fig. 15 shows examples of galaxies with different shapes
of the surface brightness profiles and abundance gradients. The
grey points denote the observed surface brightnesses (abun-
dances). The dashed (red) line is the purely exponential (linear)
fit to those data, the solid (black) line represents the broken ex-
ponential (linear) fit. The galaxies NGC 3815 and UGC 3969
are examples of galaxies where the surface brightness profile of
the disc is close to a purely exponential disc, i.e. the profile is
well fitted by a purely exponential disc, and the abundance gra-
dient is well described by a purely linear relation. The galaxies
UGC 841 and UGC 7145 are examples of galaxies where the
surface brightness profile is well fitted by a purely exponential
disc but the abundance gradient shows a prominent break. Thus,
the purely exponential profile of the surface brightness may be
accompanied by either a pure or a broken linear profile of the
radial oxygen abundance distribution.
The galaxies NGC 6155 and PGC 64373 in Fig. 15 are ex-
amples of galaxies where the surface brightness profile shows
an appreciable break while the abundance gradient is well de-
scribed by a purely linear relation. The galaxies IC 1151, UGC 5,
and NGC 2730 are examples of galaxies where both the surface
brightness profile and abundance gradient display a prominent
break.
Thus, the shape of the surface brightness profile in the disc
is not related to the shape of the radial abundance gradient. The
broken exponential profile of the surface brightness in the disc
can be accompanied by either a pure or broken linear profile
of the radial oxygen abundance distribution. And vice versa, a
purely exponential profile of the surface brightnes can be ac-
companied by a pure or by a broken linear profile of the radial
oxygen abundance distribution. A break in the surface bright-
ness profile need not be accompanied by a break in the radial
abundance gradient. The shape of the surface brightness profile
is thus independent of the shape of the radial abundance gradi-
ent.
Marino et al. (2016) have compared the abundance gradients
in the inner and outer disc parts divided by the break in the sur-
face brightness profile for the CALIFA galaxies. They do not de-
rive the break radius in the abundance gradient through a direct
fit of the radial abundance distribution by the broken relation.
This prevents us from comparing our results with their results.
5. Discussion
Spectroscopic measurements of H II regions in a number of
galaxies in our sample are available in the SDSS database. An
SDSS spectrum of one region, usually near the centre of the
galaxy, is available for around 50 galaxies of our sample, and
SDSS measurements of two regions at different galactocentric
distances are available in 20 galaxies. This provides an ad-
ditional possibility to check the validity of the oxygen abun-
dances and radial abundance gradients estimated by us based on
CALIFA survey spectroscopy.
The measurements of the emission-line fluxes (Hβ,
[O III]λ5007, Hα, [N II]λ6584, [S II]λ6717, and [S II]λ6731) in
the SDSS spectra and the fiber coordinates were extracted from
the SDSS DR12 data (Alam et al. 2015) reported in the NED.
The demarcation line of Kauffmann et al. (2003) between H II
region-like and AGN-like objects in the BPT classification di-
agram of Baldwin et al. (1981) was adopted to select the H II
region-like objects. The dereddening and abundance determina-
tions were carried in the same way as in the case of the CALIFA
spectra. The fractional galactocentric distances (normalized to
the isophotal radius) of the regions with SDSS spectra were es-
timated with the geometrical parameters of galaxies obtained
here.
Fig. 16 shows examples of the abundance distributions in the
discs of galaxies with available SDSS spectra. The grey points
denote the oxygen abundances in individual regions (spax-
els) determined using the CALIFA survey spectra. The dashed
(black) line indicates the purely linear fit to those data; the solid
(red) line indicates the broken linear fit. The dark (black) points
stand for abundances in individual regions (fibers) estimated
from the SDSS spectra. Fig. 16 shows that the abundances de-
rived from the SDSS spectra are in agreement with the abun-
dances obtained from the CALIFA spectra. All the regions with
SDSS-based oxygen abundances are located within the bands
outlined by the regions with CALIFA-based abundances.
A quantitative comparison between the SDSS-based and
CALIFA-based abundances can be performed in the following
manner. Using the galactocentric distance of the SDSS fibers,
we determined the corresponding abundance (O/H)PLR given
by the purely linear O/H – Rg relation at this galactocentric dis-
tance and the abundance (O/H)BLR given by the broken linear
O/H – Rg relation for that galaxy. The upper panel of Fig. 17
shows the comparison between the (O/H)SDSS and (O/H)PLR
abundances. The circles stand for the abundances in the indi-
vidual regions. The solid line indicates equal values. The dashed
lines show the±0.05 dex deviations from unity. The upper panel
of Fig. 17 shows that the SDSS-based abundances are close to
the purely linear relation O/H – Rg obtained from the CALIFA-
based abundances. The deviations of the bulk of the SDSS-based
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purely linear fit to those data; the solid (red) line indicates a bro-
ken linear fit. The dark (black) points denote the oxygen abun-
dances determined from the SDSS spectra.
8.1
8.2
8.3
8.4
8.5
8.6
8.7
8.8
8.1 8.2 8.3 8.4 8.5 8.6 8.7 8.8
1
2
+
l
o
g
(
O
/
H
)
S
D
S
S
12+log(O/H)PLR
8.1
8.2
8.3
8.4
8.5
8.6
8.7
8.8
8.1 8.2 8.3 8.4 8.5 8.6 8.7 8.8
1
2
+
l
o
g
(
O
/
H
)
S
D
S
S
12+log(O/H)BLR
Fig. 17. Upper panel: The oxygen abundance (O/H)SDSS deter-
mined from the SDSS spectrum vs. abundance (O/H)PLR given
by the purely linear O/H – Rg relation at this radius. The solid
line indicates equal values. The dashed lines show the ±0.05
dex deviations from unity. Lower panel: The same as the upper
panel but for the (O/H)BLR given by the broken linear O/H –Rg
relation.
abundances from the CALIFA-based gradients are within 0.05
dex. The lower panel of Fig. 17 shows the comparison between
the (O/H)SDSS and (O/H)BLR abundances. This panel shows
that the SDSS-based abundances are also close to the broken
linear relation O/H – Rg determined using the CALIFA-based
abundances. Again, the deviations of the bulk of the SDSS-based
abundances from the CALIFA-based gradients are within 0.05
dex.
Thus the oxygen abundances estimated from the SDSS spec-
tra agreewith the abundances obtained from the CALIFA spectra
within ∼ 0.05 dex. This is strong evidence supporting that the
use of the spectra of individual spaxels for abundance determi-
nations is justified, our measurements of the line fluxes are reli-
able, and the criterion ǫ ≥ 3 for strong lines to select the spaxels
for analysis does not introduce any bias in the determined abun-
dance gradients.
It should be emphasized that in our current study abun-
dance gradients within the optical radii of galaxies are consid-
ered. Spectroscopy of H II regions in the extended discs of sev-
eral spiral galaxies were carried out by Bresolin et al. (2009);
Goddard et al. (2011); Bresolin et al. (2012); Patterson et al.
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(2012). The radial oxygen abundance gradients in those galax-
ies were estimated out to around 2.5 times the optical isopho-
tal radius. These authors found that the slope of the radial oxy-
gen abundance gradients changes at the optical radii of their
target galaxies, such that beyond the optical radius of the disc
the abundance gradients become flatter. In addition, there ap-
pears to be an abundance discontinuity close to this transi-
tion (Bresolin et al. 2009; Goddard et al. 2011). The change in
the gradient slope is more distinct in the radial distribution
of nitrogen than in that of oxygen abundances (Pilyugin et al.
2012). Sa´nchez-Menguiano et al. (2016) found that most of the
CALIFA galaxies with reliable oxygen abundance values beyond
∼2 effective radii present a flattening of the abundance gradient
in these outer regions. They suggest that such flattening seems
to be a universal property of spiral galaxies.
It is known that there is a correlation between the local
oxygen abundance and stellar surface brightness of a galac-
tic disc (e.g. Webster & Smith 1983; Edmunds & Pagel 1984;
Ryder 1995; Moran et al. 2012; Rosales-Ortega et al. 2012;
Pilyugin et al. 2014b). If this correlation is local, i.e. there is a
point-to-point correlation, then one may expect that the break in
the surface brightness profile should be accompanied by a break
in the radial abundance gradient. We found in our current study
that the shapes of the abundance gradient and surface brightness
profile may be different in a given galaxy in the sense that a bro-
ken exponential surface brightness profile of a disc may be ac-
companied by either a pure or broken linear profile of the radial
oxygen abundance distribution. Vice versa, a disc with a pure
exponential profile of the surface brightness may show either
a pure or broken linear profile of the radial oxygen abundance
distribution. We also found that there is no correlation between
the break radii of the abundance gradient and surface brightness
profiles. This suggests that there is no unique point-to-point cor-
relation between local abundance and local surface brightness in
the discs of galaxies.
Another argument against a unique point-to-point correlation
between the local oxygen abundance and stellar surface bright-
ness in galaxies comes from the following general consideration.
By definition, the values of the stellar surface brightness at the
optical radius should be very close in all the galaxies. However,
the oxygen abundances at the optical radius vary strongly from
galaxy to galaxy. The oxygen abundances at the optical radius
12+log(O/H)R25 vary from ∼8.1 to ∼8.6 for the galaxies of our
sample. That is, the variation in the oxygen abundances at the
optical radii of different galaxies at a fixed surface brightness
is comparable to, or exceeds, the radial variation in the oxy-
gen abundance within a given galaxy; there is a variation of the
surface brightness by two to three orders of magnitude. Thus,
the comparison of the oxygen abundances at the optical radii of
different galaxies provides prominent evidence against a unique
point-to-point correlation between the local oxygen abundance
and stellar surface brightness. This supports our conclusion that
the correlation between the local oxygen abundance and stel-
lar surface brightness is caused by a relation between the global
abundance distribution and global surface brightness distribution
rather than by a local, point-to-point correlation.
6. Conclusions
We constructed maps of the oxygen abundance in the discs of
134 spiral galaxies using the 2D spectroscopy of the DR3 of the
CALIFA survey. The radial abundance gradients within the op-
tical isophotal radii were determined. To examine the existence
of a break in the slope of the gradient, the radial oxygen abun-
dance distribution in each galaxy was fitted by a purely linear
relation O/H = f(Rg), where the commonly accepted logarith-
mic scale for the oxygen abundance was used, and by a broken
linear relation.
Photometric maps of our target galaxies in the B band were
constructed using publicly available photometric measurements
in the SDSS g and r bands. We carried out bulge-disc decom-
positions of the obtained surface brightness profiles. The stellar
surface brightness distribution across the galaxies was fitted by
an exponential profile for the discs and by a general Se´rsic pro-
file for the bulges. The surface brightness distribution across the
discs was fitted with a pure and a broken exponential.
We found that the maximum absolute difference between the
oxygen abundances in a disc given by the broken and purely lin-
ear relations is less than 0.05 dex for the majority of our galaxies
and exceeds the scatter in abundances for 26 out of 134 galaxies
considered. The scatter in abundances around the broken relation
is close to the scatter around the purely linear relation; the dif-
ference is usually within 5%. Our results suggest that a simple
linear relation is adequate to describe the radial oxygen abun-
dance distribution in the discs of spiral galaxies and can be used
(at least as the first order approximation) for many tasks.
The breaks in the surface brightness profiles in some galaxies
are more prominent; the scatter around the broken exponent is
lower by a factor of two and more than that around the pure
exponent. The ratio of the scatter around the broken and pure
exponential fits can be considered as an indicator of the presence
of a break in the surface brightness profile.
The shapes of the surface brightness profile of the disc and
its abundance gradient can differ in the sense that the broken
exponential profile of the surface brightness in the disc can be
accompanied by either a pure or a broken linear profile of the
radial oxygen abundance distribution, and vice versa, the pure
exponential profile of the surface brightness can be accompanied
by either a pure or a broken linear profile of the radial oxygen
abundance distribution.We also found that there is no correlation
between the break radii of the abundance gradient and surface
brightness profiles. Those results demonstrate that a break in the
surface brightness profile need not be accompanied by a break
in the abundance gradient.
Those results also suggest that there is no unique point-to-
point correlation between the local abundance and local surface
brightness in the discs of galaxies. A significant variation in the
oxygen abundances at the optical radii of different galaxies (at a
fixed surface brightness) confirms this conclusion.
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